Home-based palliative care (hospice) services require comprehensive and fully integrated information systems to develop and manage the various aspects of their business, incorporating client data and management information. These systems assist in maintaining the quality of client care as well as improved management effi ciencies. This article reports on a large not-for-profi t home-based palliative care service in Australia, which embarked on a project to develop an electronic data management system specifi cally designed to meet the needs of the palliative care sector. This web-based client information management system represents a joint venture between the organization and a commercial company and has been a very successful project. Keywords community networks, computerized home care services, medical records systems, palliative care
Introduction
Increasingly palliative care is being offered to terminally ill people at home, where they and families receive home-based consultation and ongoing care from specialist home-based palliative care providers. Home-based palliative care (hospice) services require comprehensive and fully integrated information systems to develop and manage their business. Systems need to incorporate all client data as well as management information, to effi ciently meet the core objective of enhanced quality in the delivery of care for their clients, and improved effi ciencies in organizational management. Due to the nomadic nature of home-based care, clinical information available via electronic and mobile data networks will improve home-based care services.
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The palliative care service (PCS) involved in this study is a large not-for-profi t home-based palliative care service, offering a full range of programmes for those with life-limiting or terminal illnesses in Melbourne, a state capital city of Australia. Each year it provides services to approximately 1850 dying people, their carers and families.
The problem
Typically home-based palliative care services in Australia cover a designated geographic area. Staff have an offi ce base, but would be nomadic through the day, most often working alone as they travel from home to home. Care is offered on a 24 hour basis, with afterhours care on an 'on-call' basis, to manage crises and deaths at night.
Following rapid expansion of this PCS, which saw the service grow from a single offi ce to a number of offi ces across a large regional area, several clinical and management issues were readily evident. Major motivations for undertaking this project included:
• Daily progress notes were not being entered until staff returned to the offi ce at the end of their daily shift. This often resulted in notes being duplicated and copied, with risks of inaccuracy or oversight of information.
• Staff found end-of-shift tasks very time consuming at the end of the day, considering them of less importance than the direct care provided for clients.
• Client notes needed to be accessible at the time and point of care.
• The PCS is required to report on aspects of client and staff management to the state government Department of Human Services, which was being provided from the paper-based system. However the process required advanced programming skills to produce the reports.
In summary, client-related care under the manual system was documented through a cumbersome traditional paper-based and fax system that had been developed over years by professional staff. Comprehensive clinical notes were required to be kept in the offi ce and were thus not accessible when dealing with the client in their home. Thus an urgent review of the paper-based client record system was required in order to facilitate 24 hour access across all sites by all staff. At the same time, it was considered that a large range of paper-based administrative tasks, as well as reporting to the government funding body, could be more effi ciently undertaken using electronic data collection. This article describes the client data collection and management system specifi cally developed to meet the needs of the palliative care sector. This web-based client information management system represents a joint venture between the service and a commercial company, and is known as PalCare. The development of the PalCare system can be considered as taking a broad design science research approach where a system is developed as a proof of concept. In a design science approach the outcome of research is a specifi c artefact (in this case the PalCare system). The design science approach seeks to create innovations that defi ne the ideas, practices, technical capabilities, and products through which the analysis, design, implementation, management, and use of information systems can be effectively and effi ciently accomplished … In the designscience paradigm, knowledge and understanding of a problem domain and its solution are achieved in the building and application of the designed artefact. [1] In this case the concept that home care information can be successfully provided at the point of care using a web-based system for data management was tested and found successful.
Issues in electronic and mobile healthcare
There is a developing rich and diverse literature in the area of electronic health databases, with increased recognition of the need for electronic health databases and other IT-based systems to provide comprehensive and fully integrated systems for services such as palliative care. The development of a usable electronic health record (EHR -a.k.a. electronic patient record (EPR) and electronic medical record (EMR)) has been in progress for over 10 years [2] . The introduction of the EHR requires the replacement and supplement of paper-based systems with IT-based systems [2] . The Good European Health Record (GEHR) project originally funded by the European Union and continued by others as the Good Electronic Health Record Project at the Royal Free University College and Medical School, University College London, proposed a new way of structuring and managing client information which is not just a computerized version of an existing paper-based record [2] . These initiatives are set to revolutionize the management of client data. However, although information technology in general is now an integral part of health information systems (HISs), most HISs are still based on a combination of paper-based and electronic data which are not properly integrated [3] .
Many factors have hindered the implementation, use and integration of electronic health information systems in general healthcare environments [4] . Clinicians often express concerns about the security of information and confi dentiality [5, 6] including compliance with health regulations [7] . Detmar and Friedman [8] describe the resistance of physicians in being introduced to computers in their work, with most regarding their use as only slightly of benefi t. However, these physicians perceived the provision of up-to-date information about their clients as being most helpful. There are also concerns about becoming dependent on IT and devices and being distracted from concentrating on client care [5, 6] .
Usability issues where IT-based systems do not fi t clinicians' work practices hinder the takeup of IT-based systems. Koppel et al. suggest that IT-based systems should not require the clinician to change their work practices to fi t the system and recommend that the use of such systems should 'focus primarily on the organization of work, not on technology' [9, p. 1202] .
Hospital paper records are valued by clinicians and their replacement may not be widely accepted by them. Luff and Heath [10] argue that paper records support synchronous and asynchronous collaboration between doctors and other medical staff, and paper records can be moved around within a hospital. The structure of the GEHR attempts to maintain 'expressiveness' in EHRs: 'The requirement of expressiveness is seen as fundamental in some areas of medicine, especially in specialities where narrative style records are the norm, such as psychiatry' [11] .
From a client perspective, Pyper et al. [12] found that people need to be confi dent that access to their electronic patient record (EPA) is limited to those who have the right to see the record and that they are involved in the development of EPAs, with their views being taken into account.
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Lack of integration of paper-based and electronic HISs is also an important issue [9] especially where fragmented systems discourage and hinder the sharing of information [6, 13, 14] . Fernando [3] suggests factors such as poor data quality, confl icting systems architectures and data fragmentation contribute to lack of integration in HISs, particularly with regard to systems security.
Recently it has been recognized that many healthcare workers, including domiciliary palliative care providers, could be described as 'nomadic' in their work environment and that access to HISs for these professionals should also be nomadic or mobile [15] . Nomadicity or nomadic computing is defi ned as the systems support needed for providing 'computing and communication capabilities and services to nomads as they move from place to place in a transparent, integrated and convenient form' [16] . Leimeister et al. [17] describe a virtual communities approach to addressing oncology patients' information and interaction needs based on web-based and mobile service models.
As a result of the increased mobility of healthcare workers and advances in technology, the use of web-based systems and personal digital assistant (PDA) devices is growing in popularity amongst healthcare professionals [18] . Heslop et al. [19] suggest that one of the advantages of using PDAs is that information is available in a timely manner and clinicians' communications are improved. Usability problems for PDAs and mobile devices, such as small screens [20] , constrained data entry using small keyboards or stylus entry [6, 21, 22] , need to be addressed for these devices to become integrated in healthcare environments. Other mobile-specifi c issues in the healthcare environment include storage and transfer of data, ease of use, and availability of applications to suit the work environment [15, [23] [24] [25] .
Electronic and mobile technologies have been in use for some time in telemedicine environments where those requiring care are remote from the clinician and often responsible for their own care, with remote guidance being provided through networked or webbased communication systems [26] [27] [28] . In the fi eld of home-based palliative care the carer is often in the home and at the point of care. Electronic and mobile networks can deliver appropriate information to the carer at the point of care [21, [29] [30] [31] and this is where the great potential for home-based palliative care can be realized.
The PalCare system described in this article is one application that addresses ways of creating mobile and web-based healthcare applications that fi t the palliative care work environment.
Background to the development of the PalCare system
A large working group representing all the disciplines employed within the PCS was brought together to identify the user requirements of a client information management system. Many of these user requirements, such as assessment tools and forms, had previously been evaluated and benchmarked. A smaller cross-discipline working party was then established, to oversee the development and introduction of the system. At all stages in the process, activities and recommendations were reviewed and assessed against material both internally and from external agencies as well as professional standards and procedures. All activities and developments were measured against requirements of relevant legislation, policies, procedures and guidelines to ensure compliance with data gathering, storage, security and reporting requirements.
A public expression of interest was sought in inviting submissions for an electronic client information management system for home delivered palliative care. Submissions were evaluated against a weighted criteria assessment, including product development, experience in the health industry and price.
A detailed project plan was established identifying all actions that needed to occur to achieve the targeted implementation date of 1 July 2004. The key activity was to work in partnership with the company to ensure that developments met PCS's requirement specifi cations and were compliant with its needs. Other important activities included contract development, testing, incorporating compliance testing of all modules, test script testing, stress testing and access testing. Phased implementation was undertaken by piloting the PalCare system in one of the three PCS teams and continuing this approach progressively throughout the organization while maintaining the existing system. Training via a 'train-the-trainer' approach was also scheduled to coincide with implementation of a training/instruction manual, which included topics on security, nursing practice and other disciplines; PalCare module details (see below); a guide to the operation of laptops; and a guide to the safe operation of VDUs. Hardware and the PCS infrastructure were reviewed. Mobile device options and features were investigated (i.e. laptops/tablets/PDAs and user friendliness), including liaison with external nursing bodies. External access connection issues and alternatives were considered as well as the site infrastructure and the introduction of wireless technology. A website interface with PalCare and PCS was also developed and tested to enable referrals to be submitted electronically. This followed a survey of external referrers which indicated a need for an effi cient alternative to the paper/fax system.
The online referral form is consistent with the paper version and, although it is still possible to use the paper referral form to refer clients, referrers have embraced the online process with approximately 30 per cent of referrals being received electronically soon after its introduction. A number of fi elds on the referral form are mandatory (indicated by red asterisks) and the referral will not submit if these fi elds are not completed. The referral screen contains a number of drop-down boxes with mandatory fi elds which comply with state government Department of Human Services data reporting requirements. This also ensures effi ciencies for offi ce staff, who previously would have needed to manually enter these data after contacting the referrer.
The PalCare system
PalCare consists of three modules as follows (see Figure 1) .
The intake box module
The intake box module is where a referral is received. The referral can be automatically directed to the correct care team based on the client postcode if organizations require this ability. Nursing decisions are made to either 'accept' or 'not accept' the client based on set criteria. The allocation of priority for assessment purposes is also made at this time. Performance against such priorities can be analysed as part of an organization's quality activities, to ensure standards are being achieved.
••••• Health Informatics Journal 15 (1)
The PalCare module Once a client is accepted, the referral details migrate to the main PalCare module and the client is automatically given a unique number. There are 17 screens in the PalCare module. These represent the management tools for the optimal care of the client. See Table 1 .
The fundamental PalCare features enable client details and plans to be recorded in real time where appropriate and viewed externally by care providers and other medical related external bodies. Workers in PCS have been extremely satisfi ed with the incorporation of numerous features developed to address specifi c needs, especially that it is user friendly and allows professional staff to undertake their role without requiring technical expertise and skills. Other aspects include:
• care plans which were developed from the paper form used by PCS staff over a number of years and representing 'best practice' • a client summary which draws together all important and current data on a client in a single view; provision of fl ashing alerts where risk factors have been identifi ed, i.e. known allergies; support medications; known risks (environmental, security and manual handling), for both for staff and clients (see Appendix) 
The administrative module
The third module is the administrative module, used by IT staff to maintain internal and external access rights, maintain security and perform specifi c functions not available to other staff.
PCS nurses currently access PalCare remotely via the web through mobile data card technology (Telstra 3G network) and the use of tablet notebooks. The improved mobile network within Australia has assisted staff in terms of improved access to the more remote areas that are visited and greatly enhanced speed. Following an investigation into changing mobile equipment device options, there has been a recent move from laptop use to tablet PC. Ease of use, size, weight, battery life, risk minimization and costs were factors considered when making this change.
The PalCare system is web based and fully hosted. The PalCare applications and database reside on servers hosted in a professionally managed, supported and maintained data centre with access via a secure web browser. This eliminates the need for software, hardware, and network infrastructure or dedicated palliative care service system administration staff. The company provides ongoing user support through its 'extended hours' help-desk.
• Security of data is ensured through use of HTTPS and PKI digital certifi cate technology providing authentication and 128-bit SSL data encryption.
• Secure access from a web-enabled terminal (including remote users) is achieved through use of an application service provider (ASP) model, without the need for special user software.
• Access is achieved though individual password, which also leaves a 'footprint' when records are added or archived so data entry can always be traced to a user should this prove necessary. Access controls to PalCare have been restricted 
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depending on the employee's discipline and access to PalCare is restricted or limited by the individual's position or role in the organization.
• Security features can be extended to external care providers and this has been introduced for the after-hours triage service. The ability for GPs and other clinicians to access individual client details may also be provided in the future.
Case study
When a client calls the out-of-hours triage service (outsourced service), their fi rst concerns are whether the person at the end of the phone knows who they are and their medical or psychosocial situation. With PalCare, the triage nurse is able to access the client's fi le and assure the caller that they have all the latest information concerning their condition, medication and care plan issues. Care workers are able to provide informed advice knowing all relevant information and can focus on the issue at hand, without the client having to provide a detailed history. This ability is a signifi cant improvement from the paper-based system, which relied on pre-faxed information by staff to triage nurses in anticipation of certain clients requiring assistance. An example of an actual PCS case (deidentifi ed) is as follows.
Allan was a 23-year-old man who had been diagnosed with an aggressive brain tumour several months earlier. Originally treated with surgery and radiotherapy, he had been referred to the home care service following the return of his symptoms. He lived at home with his mother and younger sister Maryanne.
Besides a persistent headache and compromised movement due to left-sided paralysis, Allan exhibited a number of behavioural problems, thought to be due in part to his history of drug abuse. Jane, the family support worker (FSW), was counselling Allan, but also assisting his mother and Maryanne to cope with an increasingly diffi cult home situation.
One night Allan experienced an uncharacteristic increase in pain and Maryanne, feeling uncertain of what to do, phoned the overnight triage service. Because of easy access to upto-date medications and the notes on PalCare, the triage nurse was able to manage these issues over the phone. Maryanne expressed her relief at being able to know what to do for the rest of the night and the nurse reassured her that she could call again if necessary. The next morning, Jane phoned and found that both Maryanne and her mother had slept little, trying to settle Allan who, despite additional pain relief, had experienced a restless night. Both Allan's mother and Maryanne sounded exhausted, and Maryanne expressed concern about their ability to continue with their level of support and care for Allan.
Jane visited the family and discussed the option of inpatient respite with them. Allan initially objected, but after reassurance that he could return home, he relented. Jane phoned the local hospice to ascertain the availability of a bed. As part of assessing the appropriateness of the proposed admission, the admissions offi cer accessed the PalCare notes which gave her an up-to-date overview of Allan's current status and the family's needs. Seeing the urgency of the situation, she offered Allan admission and this information was also entered on PalCare.
In the meantime a nurse visited the family. On arrival, she accessed PalCare and found that admission had been organized and was able to impart this information without being interrupted by a series of phone calls. The nurse added her notes from her visit to PalCare. Later that day, Allan was admitted to the hospice, where information from the nurse's visit of that morning was able to be accessed by hospice staff. Because all parties involved with the family had current information, continuity of care between settings was assured.
Outcomes for PalCare
The PalCare system transcends current electronic client information management solutions for the delivery of palliative care and support services at the point of care. PalCare is a secure, fully managed client information management system and service that integrates medical and community care information into a single view of the client, enabling care providers to optimize the quality of care for their client at the time and point of care. Whether the care provider is at the home of the client, treating the client at inpatient facilities or on call, realtime information regarding the client can be remotely accessed via a secure web browser and updated conveniently and effi ciently.
Through the national accreditation process (Australian Council on Healthcare Standards) and ongoing review, PCS has been recognized as achieving to a high standard in all set criteria and has achieved recognized best practice in the important area of client care plans. External and internal quality assessment procedures have ensured that the existing policies and procedures have been evaluated in a culture that ensures best practice and strives for excellence.
Organizational outcomes
The PalCare system has a comprehensive range of features which can tangibly benefi t palliative care organization in terms of effi ciencies and improved quality of client care by access to accurate, complete and real-time client information.
PalCare improves the management, effi ciency and cost-effectiveness of organizational systems in the following ways. In relation to staff:
• Plans are managed and monitored effi ciently and effectively through the electronic compilation and consolidation of all clinical and social data.
• Data entry is listed in chronological order with the most recent information fi rst together with automatic entry of name, discipline and date of entry.
• There is easy access to client data by care team providers while maintaining the integrity of the data and process. Consultation within the multidisciplinary team is improved.
• Care team resources can be managed effi ciently and effectively, enabling maximization of time with clients. • Improved staff security is attained through the ability to signal any risks to staff in the client's environment -such as use of certain entrance points to the home, building works, animals, parking issues etc.
In relation to reporting, internal and external stakeholder requirements can be prepared effi ciently and in a timely manner. Such reporting can identify results against expectations or targets, allowing quality improvement issues to be identifi ed and addressed where necessary. There is also more effective control of the inventory of equipment allocated to clients.
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Client outcomes
The PalCare system enables optimization of the quality of care delivered to the ill person. It also enhances the care provider interaction with the client, family members and friends in the following ways.
• Improved quality of care though coordination across physical, psychological, spiritual and social care is achieved based on real-time up-to-date data from the care providers. The client may be admitted to hospital, discharged and then readmitted -but at all times the information associated with the client is up to date, allowing a smooth transition.
• Potential adverse episodes and/or risks associated with the client's health and wellbeing can be identifi ed earlier with the PalCare system assessment and reporting tools.
• Improved service to clients by the after-hours triage provider is achieved, as they have access to the latest client information in an easy-to-use manner, improving communication and effi ciencies.
Conclusion
This article has described the way an organization made the change from paper-based records to an electronic data management system and the resultant benefi ts to the mostly nomadic staff. The major outcome of PalCare was the improved access to detailed client records for staff, in real time. As a mobile web-based environment, it has been designed to support palliative care teams in clinical decision-making at the point of care which is often in patients' homes at unforseen times. The system has been in place for over 3 years and has proven to be an invaluable tool for improved client care, with the staff as the primary users enthusiastically embracing the system. The national health service accreditation has highly commended this development, particularly because it has enabled the production of detailed client summaries, as well as comprehensive reporting to the board of management and the government's Health Department. PalCare has been embraced as an investment in the future of PCS, allowing increasing demand of services to be satisfi ed while enhancements to practices can continue.
